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ADVANCED SYSTEMS OPERATION 
Eagle-Picher Industries, Inc. 
Joplin, Missouri 


Nickel-metal hydride and silver-metal hydride batteries 
are being developed for aerospace applications by 
Eagle-Picher . There is a growing market for smaller, lower 
cost satellites which require higher energy density power 
sources than aerospace nickel-cadmium at a lower cost than 
space nickel-hydrogen. These include small LEO satellites, 
tactical military satellites and satellite constellation 
programs such as Iridium and Brilliant Pebbles. Small 
satellites typically do not have the spacecraft volume or the 
budget required for nickel-hydrogen batteries. NiCd's do not 
have adequate energy density as well as other problems such 
as overcharge capability and memory effect. Metal hydride 
batteries provide the ideal solution for these applications. 
Metal hydride batteries offer a number of advantages over 
other aerospace battery systems. 
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SEALED METAL-HYDRIDE BATTERIES 
FOR AEROSPACE APPLICATIONS 
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OF NICKEL-METAL HYDRIDE 



Nickel-metal hydride batteries offer twice the gravimetric 
and volumetric energy density of aerospace nickel-cadmium. 
Thev also achieve twice the volumetric energy density o 
space nickel-hydrogen. Silver-metal hydride batteries have 
thl potential It three times the energy density of nickel- 
metal hydride. 
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SEALED METAL-HYDRIDE BATTERIES 
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Metal hydride batteries are hermetically sealed, operate at 
low pressure and are prismatic in geometry. They exhibit 
excellent overcharge and overdischarge characteristics. 
Preliminary calorimetry testing indicates that the _ batteries 
have superior thermal performance as compared to nickel- 
cadmium and nickel— hydrogen . The cells are lower in cost 
than aerospace nickel-cadmium and much lower in cost than 
space nickel-hydrogen. 
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SOURCES OF HYDRIDE 
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There are currently a large number of companies interested in 
the metal hydride battery business. Nearly all of the 
commercial battery companies have either announced products 
or are in the development stage of a product. There are 
a lot of potential sources for hydride electrode materials. 
This table shows only the sources that I am aware of and 
is not necessarily complete. Materials from several of 
these sources ^re currently on test and other materials are 
either in-house or in-transit. A comprehensive development 
effort is currently underway at Eagle-Picher to evaluate as 
many prospective materials as possible. 
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Eagle-Picher has evaluated materials from several of the 
sources previously listed. The chart shows comparative data 
for Ovonics material, Treibacher material and material from 
Rhone-Poulenc. The materials are in various stages of 
testing. Other materials are in-house but have not been 
evaluated yet. Materials have not yet been obtained from 
some of the sources. It would not be appropriate at this 
stage to start making claims about whose material is better 
than whom's. However, it seems conclusive that there are 
several materials on the market which will provide adequate 
function in an electrochemical cell. The markets for the 
metal hydride system are varied and extensive enough that 
most likely a single material would not be able to satisfy 
all of the applications. It is important that parallel 
development work of metal hydride materials be continued. 
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Tho arivantaae of the metal hydride cell over nickel-hydrogen 

h^!^ l £!22S£ SSJ^SSt 5%S* g. f Sii h ™ 

contain^hydrogen°gas? e me^el^is^crsiiple/anl cheaper 

iStSiif is 

”^l®;^liSFiyiil2i r Hyiils! :oir T“ t ;eai 1 i e s?is i is c eis2nt±Sxi5 e “ 

liS hydriSe electrode has a much higher energy density than 
the cadmium electrode theenergydensity of thecell 
f-orresoondingly higher. The cell design is sucn tnar one 
S^oSoace heritage of the parent NiCd system is retained. 
Current^aerospace designs yield about 50 watt-hours per 
kilogram and 200 watt-hours per liter. 
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EAGLE ^ PICHER Sealed Metal-Hydride Batteries 

b Electronics Division „ t 






Prismatic cells are much easier and more volume efficient to 
package into a battery than cylindrical cells. The cells are 
sandwiched between two lightweight endplates and held 
toqether by stainless steel connecting rods. The endplates 
are machined from aluminum and are painted with Chemglaze 
paint The cells are insulated from each other and from the 
endplates with Kapton and Mylar. Nickel or silver foil is 
used as the intercell connectors. Connectors and on-board 
electronics can be integrated into the design as required by 
the application. 
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Another concept for an aerospace battery is to package 
commercial cylindrical cells into an aerospace battery pack. 
Some small satellite designers use this method rather than 
using aerospace cells. The Defense Advanced Research 
Projects Agency (DARPA) published a study which concluded 
that there was virtually no benefit in flying commercial 
cells rather than aerospace cells because of the extensive 
testing and cell matching required by the commercial cells. 
They also concluded that a redundant set of batteries had to 
be flown in order to achieve any level of reliability. This 
greatly reduces the effective energy density of the system 
and increases the cost. 
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Capacity (Ampere-Hours) 




This is a set of discharge curves for a 10 amp hour aerospace 
nickel-metal hydride cell. The cell was discharged at a 
variety of rates ranging from 1 amp to 30 amps. The data 
shows excellent rate capability for the aerospace nickel 
mntal h?d?idJ system. The cell delivered 11 ; 5 amp-hours at 

disch!?ge? > w!!?2 1 !? room^temperature^with rotative cooling so 
the effect is probably compounded by the larger amount of 
heat being generated at the higher rates. 
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TIME (MINUTES) 




Several metal hydride cells are currently on cycle life test. 
The cells are operating under a low-earth-orbit regime at 37 
pe? cent depth-of -discharge. The cells are on charge for 55 
minutes and then discharge 35 minutes. The charge return 
?a?io is Shout ?.02. The cells are being cycled at . room 
temperature with no active thermal control. There is 
d i an i f i cant end-of-discharge voltage depression ai cycle 
nm£e£ 4268 Js compared to an earlier cycle number 89 The 
cell was reconditioned in a manner similar to aerospace 

Si fueled sys!?s» -r~t ag e 

degradation being observed. 
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Capacity (niAH/g) 




This graph directly compares the nickel-metal hydride system 
with the silver-metal hydride system. The silver electrode 
has a much high energy density than the nickel electrode. 

The silver-metal hydride system delivers about three times 
the electrical capacity of the nickel-metal hydride system, 
although at a slightly lower voltage. The silver-metal 
hydride system has a number of applications where the higher 
energy density available offsets the lower cycle life. This 
could include laptop computers and cellular telephones where 
increased run time is a valuable premium to the user. 
Military and aerospace applications include portable 
battlefield computers, portable communications equipment, 
lightweight weapons systems and tactical satellites. 
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This graph shows the temperature dependence of the nickel- 
metal hydride system. Two discharges were done at the same 
rate, one at 10 degrees C and the other at 30 degrees C. 

The cell yields the same capacity at either temperature, 
however, there is a depression of the discharge plateau 
voltage at the colder temperature. Warm temperature 
performance is slightly better than NiCd and much better than 

NiH2 . 
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MILL I AMPERE -HOURS 


This data was included to illustrate the design versatility 
of the metal hydride system. Cells can be constructed in 
virtually any size or shape. This is a small diameter 
nickel-metal hydride button cell design. The cell is 
assembled and die-crimped such that it is a sealed cell. 
About 40 of these cells have been assembled. The cell was 
discharged at four different rates and yields around 200 
milliamp-hours . The depression in the discharge voltage 
occurs because this is a low rate cell design such as that 
used in a wristwatch. 
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Heal Flow & Voltage During 0.3A Charge, ZSA Discharge, & Open Circuit 
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Charge, Discharge, Open Cinxft Time 



Some preliminary calorimetry testing is being done with 
aerospace nickel-metal hydride cells m conjunction with 
Chris Johnson at Boeing. Initial data shows that nickel 
metal hydride should be thermally superior to both nickel- 
cadmium and nickel-hydrogen. The chart shows that heat flow 
is neqative on charge until 100% state-of charge is reached. 
As more and more oxygen is being generated on the nickel 
electrodes the heat output of the cell gradually increases. 
The heat output increases more rapidly going mto discharge 
with a plateau that corresponds to the discharge voltage 
plateau. As the cell state-of-charge decreases towards 
reversal the heat output again increases. 
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ITCTIQ 



Battery under Test 


AC Impedance Data Acquisition System 


- 568 - 

O- 7 


1991 NASA Aerospace Battery Workshop 


Advanced Technologies Session 






Faale-Picher is currently collaborating withTRI- Austin under 
Eagle Picner j^ ir Force, Phillips Laboratory, 

and e Sp“ity n deg|Sdation which °«“ r J a °^° n f r ^ r 3 SlliiSlrtz 

? re ^"ii?Ser?rhI 2 beinlqSiref L SpfiSliLtely 100 cells. 
Etl° l^^rretlu fnd a » t h e ? atlcal 5 attery -de! in ? _ 

TRI for data acquisition and management. 
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Summary of the Significant Croups of Cells for which AC Impedance 
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A number cf fabrication variations 


Data was acquired on a large number of life test cells 
including aerospace nickel-metal hydride cells, commercial 
nickel-metal hydride cells and space nickel-hydrogen cells. 
The cells are being tested under several regimes including a 
real-time low-earth-orbit (LEO) regime, an accelerated LE> 
regime and a real-time geostationary-earth-orbit (GEO) > 
regime. . A number of cell designs are represented in size-’ 
ranging from 3.5 amp-hours to 76 amp-hours. 
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LOG (10) FREQUENCY 



MF 1 ? a V^S%frS 9 fre^“t 3 1 y m iidi H S t ^e 0 S IL k ii?farrando m 

intervals to evaluate the reproducibility of the method, 
excellent reproducibility. 
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A plot of impedance versus the base ten^log^of^f^ frequency 

shows some interesting ohara fhe Warburg region where the 
region below 1 Hertz. This is the Warburg^ H ontrolled . The 

availability of Sparge carrier ^ a i ecreases wlth the age 

ff thro!?! 8 l ?he graph ^M^VSell 
been^cycled to° failure?' Th4 trenS in the data is 
decreased impedance with age. 
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ARGAND DIAGRAM FROM 3 mHz TO 10 Hz 
FOR TWO 30 AMP-HR NICKEL HYDROGEN CELLS 



(SIAIHO) 30NV10V3H 
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RESISTANCE (OHMS) 




The Argand diagram for two 30 amp-hour Intelsat V type cells 
also shows a definite trend. Two cells are compared, one 
with 3800 cycles and the other with 38,000 cycles. The 
capacitive to Warburg transition is significantly frequency 
shifted for the aged cell. 


1991 NASA Aerospace Battery Workshop 


- 511 - 


Advanced Technologies Session 




- 2.5 -2 - 1.5 -1 - 0.5 

LOG (10) FREQUENCY 



Comparisons of resistance trends 

with cell aging. T e leveled cell shows a much larger delta 
cell is cycled. Th ® ^ n %^ctance than the cell with 2001 
cycles? Ihif S?at!Snship C a?S hold true for nickel-hydrogen 


cells . 
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THE FUTURE 
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CYCLE LIFE 


. , -F^r- 3 metal hydride battery has been around for 

The idea for a batteries have only come 

a long time. However, practical batteries 

about recently- S° r 6 The d e ve 1 opme n t Y o f the metal hydride 
generally available. The devei P ticular i y for 

chemistry is still in thi e e riy eff 2 rts will b e aimed at the 
aerospace applications. anc j s ii V er metal hydride 

further refinement ‘’J S j.s being continued on developing and 
battery chemistry. Work l trials and fabrication 

improving hydride w m be continued. The 

techniques. .^J^izld ^ yilld improved energy density, 

improved^erformance^and longer cycle life. 
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